Public reporting burden for this collection of information is estimated to average 1 hour per response, including the time for reviewing instructions, searching existing data sources, gathering and maintaining the data needed, and completing and reviewing this collection of information. Send comments regarding this burden estimate or any other aspect of this collection of information, including suggestions for reducing this burden to Department of Defense, Washington Headquarters Services, Directorate for Information 
We have developed a robust transgenic mouse model (P 0 -GGFβ3 mice) in which overexpression of the growth factor neuregulin-1 (NRG1) results in the reproducible development of plexiform neurofibromas which subsequently progress to become MPNSTs. We hypothesized that comprehensively characterizing alterations in the genomes and gene expression profiles of peripheral nerve sheath tumors arising in our P 0 -GGFβ3 mouse model will identify candidate driver genes mediating plexiform neurofibroma pathogenesis and neurofibroma-MPNST progression, thereby identifying new therapeutic targets in the equivalent human tumors. To test this overarching hypothesis, we are using a comprehensive multi-tiered process to identify candidate driver mutations in P 0 -GGFβ3 neurofibromas and MPNSTs, establish gene signatures defining distinct tumor subtypes and functionally test the role of selected driver mutations characteristic of specific subtypes. Potential driver mutations within relatively large regions of chromosomal gain or loss will be identified using high density array comparative genomic hybridization (aCGH) and cross-species comparisons of this data with aCGH findings from human neurofibromas and MPNSTs. Smaller mutations (missense mutations, nonsense mutations, small indels and fusion events) will be identified using a combination of transcriptome (RNA-Seq) and exome sequencing in these same murine tumors. The contribution of selected candidate driver mutations characteristic of specific tumor subtypes will be validated by manipulating the function of these genes and examining the effect this has in vivo, using orthotopically allografted tumor cells, and a variety of in vitro functional assays. We will validate the relevance of these mutated mouse genes in human neurofibromas and MPNSTs by determining whether these same genes are mutated in human tumors. September 15, 2015 . The DOD has asked that a separate report be submitted (due June 30, 2016) that covers work made after the transfer to MUSC. Consequently, although we have made extensive additional progress since arriving at MUSC, that progress has not been incorporated into this report and will be instead be included in the June 2016 progress report. This report instead covers the approximately 6 months since the last progress report was filed.
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This progress report covers progress made up to February, 2014, when Dr. Carroll left UAB to assume a position as Professor and Chair of the Department of Pathology and Laboratory Medicine at the Medical University of South Carolina (MUSC). This grant was not transferred to MUSC until
Below, I will first indicate the two Specific Aims of our project and the tasks within each Aim. We have made extensive progress on the first task of Specific Aim 1, which has resulted in the generation of two high quality manuscripts, five abstracts and four presentations (see Reportable Outcomes); Stephanie Brosius, an M.D.-Ph.D. student in my laboratory, has also successfully defended her Ph.D. dissertation, which was based, in part, on this project. Please note that this progress is on track with our original approved Statement of Work as the majority of Task 2 of Specific Aim 1 and the experiments proposed in Specific Aim 2 are not scheduled to begin until the second year of the project; the sole exception was obtaining regulatory review and approval for these components, which has been successfully completed. Consequently, the work that I describe after I delineate the overall goals of this project will focus primarily (but not exclusively) on Task 1 of Specific Aim 1. In that description, I will first describe the work covered in the two manuscripts. I will then turn to our as yet unpublished data, linking each set of experiments to the different components of Task 1 of Specific Aims 1 and 2.
Specific Aim 1: Test the hypothesis that MPNST pathogenesis is driven by the accumulation of specific collections of multiple, as yet unknown, driver mutations. Task 1. To perform aCGH, RNA-Seq and exome sequencing analyses of 40 early passage MPNST cultures derived from tumors developing in P 0 -GGFβ3 mice (months 1-36):
a. Isolate RNA and genomic DNA from cultures suitable for analysis (months 1-12) b. Perform aCGH experiments with genomic DNA isolated from the cultures (months c. Perform RNA-Seq experiments with RNA isolated from the cultures (months d. Perform exome sequencing experiments with genomic DNA isolated from the cultures (months 3-24) e. Perform bioinformatic analyses of results from experiments described in a-d(months Task 2. Validate the role selected candidate driver genes play in tumorigenesis (months 8-36): a. Obtain regulatory review and approval for these studies (months [8] [9] [10] [11] [12] b. Extract expression level data from RNA-Seq experiments performed in task 1 to identify candidate genes (months c. Introduce lentiviruses expressing shRNAs targeting candidate genes into tumor cells and verify knockdown of target (months d. Orthotopically xenograft tumor cells transduced with candidate gene shRNA lentiviruses into immunodeficient mice and examine effect knockdown has on tumorigenesis (months e. Test effect candidate gene shRNA lentivirus transduction has on tumor cell proliferation, survival and migration (months 12-36) Specific Aim 2: Test the hypothesis that plexiform neurofibroma pathogenesis is driven by the accumulation of specific collections of multiple, as yet unknown, driver mutations. Task 3. To perform aCGH, RNA-Seq and exome sequencing analyses of 40 plexiform/intraneural neurofibroma-derived Schwann cultures established from tumors developing in P 0 -GGFβ3 mice (months 12-36):
a. Isolate RNA and genomic DNA from cultures suitable for analysis (months 12-24) b. Perform aCGH experiments with genomic DNA isolated from the cultures (months c. Perform RNA-Seq experiments with RNA isolated from the cultures (months d. Perform exome sequencing experiments with genomic DNA isolated from the cultures (months e. Perform bioinformatic analyses of results from experiments described in a-d (months Task 4. Validate the role selected candidate driver genes play in tumorigenesis (months 8-36): f. Obtain regulatory review and approval for these studies (months [8] [9] [10] [11] [12] g. Extract expression level data from RNA-Seq experiments performed in task 3 to identify candidate genes (months h. Introduce lentiviruses expressing shRNAs targeting candidate genes into tumor cells and verify knockdown of target (months i. Orthotopically xenograft tumor cells transduced with candidate gene shRNA lentiviruses into immunodeficient mice and examine effect knockdown has on tumorigenesis (months j. Test effect candidate gene shRNA lentivirus transduction has on tumor cell proliferation, survival and migration (months Our first manuscript (Kazmi SJ et al Transgenic mice overexpressing neuregulin-1 model neurofibroma-malignant peripheral nerve sheath tumor progression and implicate specific chromosomal copy number variations in tumorigenesis) was published in The American Journal of Pathology. In this manuscript, we rigorously characterized tumorigenesis in our P 0 -GGFβ3 mouse model so as to convince the NF1 research community that this model appropriately modeled neurofibroma-MPNST progression and that the genomic abnormalities occurring in the MPNSTs arising in these mice paralleled those in their human counterparts and thus represented a valid model for our cross-species comparative oncogenomics studies. A summary of the key findings from this paper follows.
If MPNSTs arising in P 0 -GGFβ3 mice develop via progression from pre-existing neurofibromas, neurofibromas should be evident in these animals. Since only a subset of these neurofibromas would be expected to accumulate the additional mutations required for progression, we would also predict that neurofibromas would be more common than MPNSTs in P 0 -GGFβ3 mice. To test this, we established a cohort of 44 mice (21 females and 23 males) carrying the P 0 -GGFβ3 transgene on an outbred C57BL/6J x SJL/J background and followed them until their death (mean age at death, 261.5 days; median, 220.5 days; range, 74-533 days). Complete necropsies were then performed. Peripheral nerve sheath tumors in these animals were evaluated using WHO diagnostic criteria for neurofibromas and MPNSTs (1). In most mice (41/44; 91%), virtually every dorsal spinal nerve root was markedly enlarged by intraneural tumor growth (Fig. 1A) . These neoplasms were moderately cellular lesions that did not demonstrate the hypercellularity, increased nuclear size, hyperchromasia or increased mitotic activity seen in low grade MPNSTs. The tumors were predominantly composed of elongated cells with spindled nuclei (Fig. 1B ) that diffusely infiltrated nerve roots and dorsal root ganglia, as demonstrated by the presence of entrapped neurons and axons (Fig. 1B, 1E) . Immunoreactivity for the Schwann cell marker S100β was evident in a major population of intratumoral cells that were intimately intermingled with S100β-negative cells (Fig. 1C) . These tumors also contained large numbers of mast cells (Fig. 1D) . Similar neoplasms were present in the trigeminal ganglia and sympathetic nervous system of these P 0 -GGFβ3 mice. Considered together, the histopathologic features of the low grade neoplasms occurring in the dorsal spinal nerve roots, trigeminal ganglia and sympathetic nervous system of P 0 -GGFβ3 mice are identical to those seen in human neurofibromas.
We also found that 5 of the 44 mice had neurofibromas that contained small foci with a higher grade appearance (Fig. 1F) . A comparison of these foci to the MPNSTs that developed in P 0 -GGFβ3 mice (see below) showed a striking similarity between the atypical foci and many of the higher grade lesions found in these animals (e.g., compare the focus illustrated in Fig. 1F to the high grade tumors seen in Figs. 2B and 2D ). This observation suggests that the neurofibromas developing in P 0 -GGFβ3 mice are the precursors that ultimately give rise to MPNSTs in these animals.
MPNSTs were present in thirty-one (71%) of the necropsied P 0 -GGFβ3 mice. These large tumors had a fleshy appearance, with areas of hemorrhage and necrosis often evident. Microscopic examination showed them to be markedly hypercellular with brisk mitotic activity and to be histologically similar to human MPNSTs (Fig. 2) . Most of these MPNSTs were composed of closely packed, hyperchromatic cells with eosinophilic cytoplasm (Fig. 2B, D) and resembled the high grade tumors seen in our initial studies of these animals (2) . With this larger sampling of tumors, however, it became apparent that the MPNSTs developing in P 0 -GGFβ3 mice, like human MPNSTs (3), were morphologically diverse, with neoplasms that arose independently in the same animal sometimes differing markedly in appearance (e.g., compare the extreme spindled morphology of the tumor cells in the neoplasm which arose in the left trigeminal nerve of mouse B76 ( Fig. 2A) to that of the densely packed, poorly differentiated cells evident in a tumor which arose in the right trigeminal nerve of this same mouse (Fig. 2B) ). Occasional MPNSTs even had an epitheloid appearance (Fig. 2C) . Nonetheless, all of these tumors expressed S100β, as expected for MPNSTs. In contrast to the neurofibromas, which were confined to their nerve of origin, the MPNSTs were locally aggressive, commonly invading adjacent organs (Fig. 2D) , soft tissue, bone, and skeletal muscle.
In comparison to neurofibromas, which typically occurred in large numbers in tumorbearing P 0 -GGFβ3 mice, MPNSTs were much less common. Twenty-three of the 31 mice (74%) with these higher grade neoplasms had only a single MPNST, with six animals (19%) having 2 MPNSTs and two (6%) having 3 or more (range: 3-5) high grade tumors. In 24 (77%) of the 31 P 0 -GGFβ3 mice with MPNSTs, the neoplasms arose in trigeminal nerves. Spinal nerve roots and sciatic nerves were also common sites of MPNST occurrence [10/31 animals (32%)], with the remainder developing in the region of the superior cervical ganglion [2/31 mice (6.5%); these summed percentages exceed 100% because some animals developed multiple neoplasms]. MPNSTs occurred with similar frequencies in male [16/23 (70%) ] and female [15/21 (71%) ] mice.
We next examined P 0 -GGFβ3 MPNSTs to determine whether they demonstrated Nf1 and cell cycle regulatory abnormalities analogous to those commonly found in human MPNSTs. We focused on MPNSTs in these experiments for two reasons. First, MPNSTs represent the culmination of the neoplastic process in P 0 -GGFβ3 mice and thus are the lesions most likely to demonstrate the full spectrum of driver mutations. Second, beyond a loss of NF1, mutations of tumor suppressors or other driver gene abnormalities have not yet been identified in human neurofibromas.
We first examined neurofibromin expression in cultures derived from these tumors. In these analyses, we compared expression in MPNST cells to that in transgenic non-neoplastic Schwann cells as this allowed us to identify changes in tumor suppressor and oncogene expression that were associated with tumor pathogenesis rather than transgene expression. Lysates of MPNST cultures and non-neoplastic Schwann cells derived from the nerve type (trigeminal or sciatic) in which the tumors arose were immunoblotted and probed with an antibody that recognizes both of the major neurofibromin splice variants (220 and 250 kDa). We found that neurofibromin expression in P 0 -GGFβ3 MPNST cells was typically equal to or higher than that seen in non-neoplasic Schwann cells (Fig. 3A) . Real-time PCR assays similarly showed little evidence of a reduction in Nf1 mRNA levels.
We next asked whether P 0 -GGFβ3 MPNST cells showed the Ras hyperactivation characteristic of human NF1 -/-MPNST cells (4, 5) . To compare the relative levels of activated Ras in non-neoplastic Schwann cells and three representative P 0 -GGFβ3 MPNST cultures, a GST fusion protein containing the Raf1-Ras binding domain (RBD) was used to pull down activated Ras proteins from lysates of these cells. Proteins captured with the Raf1-RBD were immunoblotted and probed with a pan-Ras antibody that recognizes all three members (H-Ras, N-Ras, K-Ras) of the classic Ras subfamily. While activated Ras was undetectable in non-neoplastic Schwann cells, activated Ras was easily identified in P 0 -GGFβ3 MPNST cells (Fig. 3B) . Thus, although neurofibromin expression is maintained in P 0 -GGFβ3 MPNSTs, these tumors, like neurofibromin-null human MPNSTs (5, 6) , demonstrate Ras hyperactivation. To determine whether p53 abnormalities were present in P 0 -GGFβ3 MPNSTs, we immunostained tumors and early passage cultures derived from these tumors for p53. Although p53 immunoreactivity was not uniformly present, it was evident in six of the eighteen neoplasms and early passage cultures derived from these neoplasms ( Fig. 4A-F ). This immunoreactivity was predominantly present in the nuclei of the tumor cells. To determine whether the presence of p53 immunoreactivity in these MPNSTs reflected tumor progression, we also immunostained a series of 13 P 0 -GGFβ3 neurofibromas with an anti-p53 antibody. In contrast to the MPNSTs, none of the neurofibromas demonstrated p53 immunoreactivity.
To compare the levels of expression of p53 in P 0 -GGFβ3 MPNSTs to that in non-neoplastic Schwann cells, lysates of Schwann cells from P 0 -GGFβ3 mice and early passage MPNST cultures were immunoblotted and probed for p53. In both transgenic non-neoplastic Schwann cells ( Fig. 4G ) and wild type Schwann cells, p53 was undetectable. In contrast, MPNSTs with prominent nuclear p53 immunoreactivity (A202, A18, A387, A390, B76 and B97) all showed increased p53 expression in immunoblot analyses. The p53 immunoreactive species in these tumors had a mass of 53 kDa with the exception of tumor A390. In this latter neoplasm, the p53 antibody recognized a species with a lower molecular weight, suggesting the occurrence of a truncating mutation or a deletion.
To identify potential p53 mutations in these tumors, nested PCR was used to amplify Trp53 sequences from eighteen early passage P 0 -GGFβ3 MPNST cultures and the resulting products were sequenced in their entirety. In keeping with the size shift seen in immunoblots, the Trp53 mRNA expressed in tumor A390 had a frameshift mutation in codon 314. We also found that tumor A202 expressed a transcript with a small in-frame deletion (codons 164-172) within the region encoding the p53 DNA binding domain. In tumor B76, a point mutation (c.R207C) was identified; Mutation Assessor (http://mutationassessor.org/), which assesses the likely impact of a mutation based on the nature of the change and whether it occurs in a conserved region, predicts that the c.R207C mutation has a high probability of impacting p53 function. Although tumor B97 showed no evidence of mutations within Trp53 coding sequences, a 95 base pair duplication was evident in the 3' untranslated region of this mRNA. No Trp53 mutations were identified in the p53-overexpressing A18 and A387 tumors or in any of the tumors lacking p53 overexpression. Thus, 33% (6/18) of the P 0 -GGFβ3 MPNSTs we examined have abnormal expression or mutation of p53.
Dysregulation of the p19 ARF -Mdm-p53 pathway can also be caused by overexpression of Mdm2 or Mdm4. To determine whether Mdm2 or Mdm4 overexpression occurs in P 0 -GGFβ3 MPNSTs, lysates of non-neoplastic Schwann cells from the sciatic and trigeminal nerves of P 0 -GGFβ3 mice and early Immunocytochemistry demonstrates intranuclear accumulation of p53 in two representative p53-overexpressing P 0 -GGFβ3 MPNST early passage cultures. Panels A, D-p53 immunoreactivity (red-orange staining); panels B, Ebisbenzamide (nuclear) counterstain (blue); panels C, F-merged images of p53 immunoreactivity and bisbenzamide staining to demonstrate that p53 in these tumors cells accumulates within the nuclei. (G) Immunoblotted lysates of non-neoplastic transgenic Schwann cells and early passage cultures derived from 18 independently arising P 0 -GGFβ3 MPNSTs probed for p53 (1:1000 dilution). Blots were reprobed with GAPDH to verify equivalent loading. (H) Immunoblotted lysates of non-neoplastic transgenic Schwann cells and early passage cultures derived from 18 independently arising P 0 -GGFβ3 MPNSTs probed for Mdm2 (1;500 dilution, upper panels) or Mdm4 (1:500 dilution, middle panels). Blots were reprobed with GAPDH (lower panels) to verify equivalent loading.
passage tumor cultures were lysed, immunoblotted and probed for these two molecules. Mdm2 and Mdm4 were undetectable in non-neoplastic transgenic Schwann cells (Fig. 4H ). In contrast, three of the MPNST early passage cultures (A292, A387 and A390) demonstrated prominent Mdm2 overexpression; the positive specimens include two tumors (A387, A390) that also had p53 overexpression. Mdm4 overexpression was evident in one tumor (B96). These results suggest that the p19 ARF -Mdm-p53 pathway is dysregulated by Mdm2 or Mdm4 overexpression in some P 0 -GGFβ3 MPNSTs.
In human MPNSTs, the p16 INK4A -cyclin D/CDK4-Rb signaling pathway is often dysregulated (7) (8) (9) (10) (11) (12) (13) (14) (15) . This can occur via multiple mechanisms including CDK4 overexpression, a loss of Rb expression or inappropriate Rb phosphorylation secondary to p16 INK4A mutation, CDK4 overexpression or overexpression of D-cyclins. Lysates of non-neoplastic P 0 -GGFβ3 Schwann cell and early passage P 0 -GGFβ3 MPNST cultures were immunoblotted and probed for proteins within this pathway. Cyclins D1, D2 and D3 were all detectable in at least some MPNSTs ( Fig. 5A ) and were often expressed at levels higher than those evident in non-neoplastic Schwann cells. Overexpression of CDK4 was also seen in some tumors (e.g., A202, A382, B76 and B91). As our preliminary experiments indicated that detection of p16 INK4A protein was problematic even in non-neoplastic Schwann cells, we instead used real-time PCR to quantify levels of the Cdkn2a mRNA encoding this protein in our cultures (Fig. 5B ). Relative to non-neoplastic transgenic Schwann cells, Cdkn2a mRNA expression was decreased tenfold to more than ten thousand fold in ten tumors and was completely undetectable in three other tumors (A387, A394 and B91). Rb protein and mRNA levels were unchanged in these P 0 -GGFβ3 MPNSTs (not shown). However, in keeping with the fact that D-cyclin overexpression, CDK4 overexpression and/or p16
INK4A loss was present in most of the tumors, levels of Rb phosphorylated on Ser 795 (a modification which promotes cell cycle progression) were increased in the majority of these MPNSTs (Fig. 5A) . Thus, dysregulation of the p16 INK4A -cyclin D/CDK4-Rb pathway is quite common in P 0 -GGFβ3 MPNSTs, much like their human counterparts.
Expression of p21 Cip1/Waf1 and p27 Kip1 is also lost in some human MPNSTs (13, 16, 17) . We therefore examined our early passage P 0 -GGFβ3 MPNST cultures to determine whether they had similarly lost these cell cycle inhibitors. Expression of p27
Kip1 , but not p21
, was commonly decreased in comparison to non-neoplastic Schwann cells (Fig. 5A) . Interestingly, CDK2, a key target (1:300 dilution), cyclin D2 (1:500 dilution), cyclin D3 (1:700 dilution), CDK4 (1:500 dilution), CDK2 (1:400 dilution), p27 Kip1 (1:600 dilution), p21 Cip1 (1:500 dilution), or Rb phosphorylated on Ser 795 (1:700 dilution). The detected antigen is indicated to the left of each row of panels, while the identity of the cultures is indicated above each sample. Blots were reprobed with GAPDH to verify equivalent loading. (B) Real-time PCR analyses of Cdkn2a expression in non-neoplastic transgenic Schwann cells and early passage cultures of P 0 -GGFβ3 MPNST cells. Transcript levels were normalized to levels detected in non-neoplastic transgenic Schwann cells. An "X" below a culture indicates that Cdkn2a transcripts were undetectable in the culture. Note that normalized Cdkn2a transcript levels are on a log 10 scale.
of p27
Kip1 and p21
, was also overexpressed in sixteen of the eighteen tumors (Fig. 5A ). These findings provide further evidence that cell cycle progression is dysregulated in P 0 -GGFβ3 MPNSTs.
We hypothesized that an examination of other genomic abnormalities in P 0 -GGFβ3 MPNSTs could potentially identify additional, previously unknown driver genes involved in the pathogenesis of these sarcomas. To test this possibility, genomic DNAs isolated from eleven P 0 -GGFβ3 MPNST early passage cultures and cultured non-neoplastic non-transgenic Schwann cells were was labeled and hybridized to high density aCGH microarrays. The relative ratios of the signals from each genomic DNA were then compared to identify regions of unbalanced chromosomal gain or loss.
Copy number variations (CNVs) affecting whole chromosomes or entire chromosome arms were common in P 0 -GGFβ3 MPNSTs, occurring on average 5.3 times (median, 4; range, 3-10) in each tumor genome (Table 1) . Unbalanced gains predominated (average, 4 per genome; median, 3; range: 2-7), with whole chromosome gains evident in every MPNST examined. However, the distribution of these unbalanced gains was nonrandom. All eleven of the early passage MPNST cultures demonstrated gains of chromosome 11. Gains of chromosome 17 and the X chromosome were also common, occurring in five of the eleven cultures. Gain of chromosomes 1, 3, 6, 7, 12, 15, 16 and 19 was observed in multiple tumors, albeit at a lower rate. In contrast, unbalanced losses (average, 2.8 per genome in affected tumors; median, 1; range, 1-7) of whole chromosomes or chromosome arms were less common, occurring in only five P 0 -GGFβ3 MPNSTs. These losses were also nonrandom, with unbalanced losses of chromosomes 9, 14, 16 and 19 identified in multiple tumors.
The observation that chromosome 11 was uniformly amplified in the P 0 -GGFβ3 MPNSTs we examined was curious, as this murine chromosome carries the Nf1 and Trp53 genes, whose equivalents are commonly lost in human MPNSTs. We therefore examined chromosome 11 in more detail to determine whether smaller areas of unbalanced loss affecting either the Nf1 or Trp53 genes were present. Consistent with our observation that neurofibromin expression is maintained in these tumors, we found no evidence of small losses affecting the Nf1 locus in any of the 11 tumors studied with aCGH. However, one tumor (A18) showed a relative loss of a 1.21 Mb segment (chr11:68,846,711-70,058,031) containing the Trp53 gene (Fig. 6 ). This finding, combined with our mutational analyses of Trp53 suggests that the p19 ARF -Mdm-p53 cascade in tumor A18 was impaired by both mutation of a Trp53 allele and an overall reduction in Trp53 copy number. Unbalanced losses affecting the Trp53 gene were not evident in any of the other 10 MPNSTs we studied. 
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While examining chromosome 11, we also noted two other small areas of relative loss that were present in multiple P 0 -GGFβ3 MPNSTs. Five tumors (A202, A292, A382, B76 and B86) showed a relative copy number loss which overlapped in a 225 kb region on chromosome 11 (chr11: 120,322,621-120,548,454; Fig. 7 ) that includes 24 known genes. To identify candidate driver genes in this interval, we compared these genes to the online comprehensive lists of driver genes available from the Atlas of Genetics and Cytogenetics in Oncology and Haematology (18) , CANgenes (19) , CIS (20) and the Sanger Cancer Gene Census (21). We found that two genes within this interval [Mafg (v-maf oncogene homolog G) and Aspscr1 (alveolar soft part sarcoma chromosome region, candidate 1)] have been previously identified as genes that were affected in other cancer types. In addition, a 44 kb region (chr11: 97,526,341-97,570,620) containing four genes (Mllt6, Cisd3, Pcgf2 and Psmb3) also showed a relative reduction in copy number in tumors A202 and B76 (Fig. 8) . Examination of the databases noted above showed that one gene within this interval, Mllt6, has been previously implicated in the pathogenesis of acute myelocytic leukemias (22) . Considered together, these observations suggest that multiple regions of relative copy number loss on chromosome 11 affect genes potentially relevant to MPNST pathogenesis.
Unlike human cancers, mouse cancer genomes tend to have whole chromosome gains or losses with only a limited number of small CNVs. However, those small regions of unbalanced gain or loss that do occur in murine cancers develop under strong selective pressure, implying that they contain important driver genes (23) . Thus, we next focused our attention on the small CNVs occurring in P 0 -GGFβ3 MPNSTs. In our eleven early passage MPNST cultures, 44 focal regions of unbalanced chromosomal gain and loss were evident. These small CNVs, which included 26 unbalanced gains and 18 unbalanced losses, were spread across 15 chromosomes (Fig. 9) . Several of the small CNVs were evident in multiple P 0 -GGFβ3 MPNSTs (Table 2) . For instance, a deletion on chromosome 4 was present in six of the eleven tumors; this region of chromosomal loss (chr4: 88,934,158-89,039,587) contains the Cdkn2a/Cdkn2b gene. A global examination of the focal CNVs present in these P 0 -GGFβ3 MPNSTs showed that genes represented in the Atlas of Genetics and Cytogenetics in Oncology and Haematology, CANgenes, CIS or Sanger Cancer Gene Census databases were evident in 22 of the 44 regions (13 amplified, 9 deleted; these genes are bolded and underlined in Table 2 ). Overall, 39 genes previously implicated in the pathogenesis of other human cancer types were identified within these regions (1-8 genes per focal CNV).
The functions of the candidate cancer driver genes present within focal CNVs in P 0 -GGFβ3 MPNSTs were variable and impacted multiple processes relevant to tumorigenesis ( Table 3) . A number of the affected loci encoded proteins that control proliferation (Myc, Tpd52, Strn; all amplified), the cell cycle (Cdkn2a, Cdkn2b, Chfr, Chek2, Cdk2ap1, Cdk4) and chromatin remodeling (Ep400). Several genes regulating apoptosis (Bbc3/PUMA, Ddit3/GADD153, XIAP) were also present within focal areas of unbalanced gain or loss. Genes encoding molecules in key cytoplasmic signaling pathways including the Hippo (Stk4), Notch (Dtx3), Hedgehog (Gli1), Arf (Agap2), Rho (Arhgap9), PI3 kinase (Pten) and Myc (Myc) pathways as well as genes for growth factors, cytokines and growth factor receptors potentially upstream of some of these signaling cascades (the growth hormone receptor gene Ghr, Il17a, Inhbe) were additionally affected. Other candidate cancer driver genes within these small CNVs function in key metabolic pathways (Aldob, Mars, Alad), transcriptional control (Ncoa3, Nr4a3, Zscan22) , vesicular trafficking (Napa) and cell motility (Sept6, Vcl).
It was also notable that some small CNVs that did not contain genes previously implicated in the pathogenesis of any tumor type were repeatedly identified in P 0 -GGFβ3 MPNSTs ( Table 2 ). The most common of these was a region of copy number gain on chromosome 4 (chr4: 111,745,189-112,130,291 ) that was present in ten out of the eleven tumors examined. This region contains three genes (Skint4, Skint3 and Skint9) whose function is poorly understood; Skint1, the prototypic member of this group of molecules has been implicated in the maturation of epidermal γδ T-cells (24) . Other recurrent CNVs lacking genes previously implicated in the pathogenesis of human cancers included a region of deletion on chromosome 17 that occurred in five of eleven tumors (chr17: 30,714,112-31,047,626, which includes the Glo1, Dnahc8, AKO18977 and Glp1R loci), a focal gain on chromosome 14 that was present in five of eleven tumors (chr14: 69,877,095-69,987,156; encompasses the Slc25a37 and Entpd4 genes) and a small deletion on chromosome 1 that was evident in five tumors (chr1: 173,444,742-173,494,144; includes the Itln1 and Cd244 genes). Considered together, these observations suggest that several of the relatively small regions of chromosomal copy number gain or loss evident in P 0 -GGFβ3 MPNSTs contain important driver genes that have not been previously implicated in carcinogenesis.
Although our initial manuscript clearly indicated that the MPNSTs arising in P 0 -GGFβ3 mice recapitulated most of the genomic abnormalities characteristic of human MPNSTs, it was notable that these tumors typically did not have Nf1 mutations. This raised the question of whether these mutations were absent because NRG1 operated within the same pathway as Nf1 (a question that is highly relevant to the significance of this model) or instead promoted neoplasia primarily via its effects on other non-Nf1 associated signaling pathways. Our second manuscript (Brosius SN et al Neuregulin-1 overexpression and Trp53 haploinsufficiency cooperatively promote de novo malignant peripheral nerve sheath tumor pathogenesis) was directed towards answering this question. This manuscript has been favorably reviewed by Acta Neuropathologica. We are currently addressing the criticisms raised by the three reviewers and will be resubmitting the revised version of this manuscript within the next 8 weeks. The following summarizes key findings from this manuscript.
This manuscript had its genesis in our fortuitous observation that mice carrying the P 0 -GGFβ3 transgene on a C57BL/6J background maintained transgene expression and Schwann cell hyperplasia but fail to develop neurofibromas or MPNSTs. We have previously reported that P 0 -GGFβ3 mice have a shortened lifespan (average survival, 262 days), develop both neurofibromas and MPNSTs at a high frequency on an outbred C57BL/6J x SJL/J background or when bred onto a C57BL/6J background for 5-8 generations and recapitulate the process of neurofibroma-MPNST progression seen in human NF1 patients (2, 25) . However, when we bred P 0 -GGFβ3 mice on a C57BL/6J background for 15 or more generations (referred to below as an inbred C57BL/6J background), we found that they survived without obvious abnormalities to 1 year of age and no longer developed tumors. To determine why tumorigenesis was lost in mice carrying the P 0 -GGFβ3 transgene on an inbred C57BL/6J background, we compared NRG1 expression in the trigeminal nerves of wild-type C57BL/6J mice to that in P 0 -GGFβ3 mice at 1 month of age, a time which represents the peak of Schwann cell hyperplasia in P 0 -GGFβ3 mice (2) . Lysates of these nerves were immunoblotted and probed with antibodies recognizing either the kringle domain located at the N-terminus of type II (GGF) NRG1 isoforms, the CRD domain found only in type III NRG1 isoforms or the EGF-like common domain present in all NRG1 proteins (a pan-NRG1 antibody). The anti-CRD domain antibody showed similar levels of type III NRG1 protein in wild-type and P 0 -GGFβ3 trigeminal nerve (Fig. 10A) . In contrast, both the antikringle domain and the pan-NRG1 antibodies demonstrated higher levels of expression of a 54 kDa species (the expected size of GGFβ3) in transgenic animals compared to wild-type controls. Thus, a suppression of transgene expression was not responsible for the loss of tumorigenesis in these mice.
To determine whether Schwann cell hyperplasia still occurred in P 0 -GGFβ3 mice on an inbred C57BL/6J background, we compared the histology of sciatic and trigeminal nerves collected from 1 month old wild-type C57BL/6J mice to that of the same nerves from P 0 -GGFβ3 mice. We found that Schwann cell hyperplasia was indeed still present in nerves from P 0 -GGFβ3 mice (Fig. 10B, C) . Thus, mice carrying the P 0 -GGFβ3 transgene on an inbred C57BL/6J background still develop Schwann cell hyperplasia. However, on an inbred C57BL/6J genetic background, these preneoplastic peripheral nervous system abnormalities do not advance to tumorigenesis.
Our observation that tumorigenesis is suppressed in P 0 -GGFβ3 mice on an inbred C57BL/6J background gave us the Incubation of with an immunizing peptide ablates the signal from the anti-kringle domain antibody (Immunizing peptide). To verify equal protein loading, the blots were reprobed with an anti-GAPDH antibody (GAPDH). B: Hematoxylin and eosin stained preparations of trigeminal nerve from 1 month old wild-type and C: P 0 -GGFβ3 mice. Note the increased cellularity (hyperplasia) in the P 0 -GGFβ3 nerve relative to the wild-type nerve. Scale bars, 50µm.
opportunity to assess the relationship between NRG1 and Nf1 loss via genetic complementation. We reasoned that if NRG1 promotes tumorigenesis primarily by activating essential signaling cascades that parallel those affected by Nf1 loss, then crossing P 0 -GGFβ3 mice to Nf1 +/-mice could potentially "unmask" tumorigenesis, resulting in the reappearance of neurofibromas and/or MPNSTs in these animals. If, on the other hand, the primary tumorigenic effect of NRG1 overexpression in Schwann cells was modulation of Nf1-regulated signaling cascades, then NRG1 overexpression should substitute for Nf1 loss. In this circumstance, the phenotype of P 0 -GGFβ3;Trp53 +/-mice would be analogous to that of cis-Nf1 +/-
;Trp53
+/-mice which develop MPNSTs de novo rather than from a preexisting neurofibroma (26, 27) . To evaluate these alternatives, we bred mice carrying the P 0 -GGFβ3 transgene on an inbred C57BL/6J background to animals with the same genetic background that were haploinsufficient for either Trp53 (Trp53 +/-mice) or Nf1 (Nf1 +/-mice). Cohorts of P 0 -GGFβ3, Nf1
+/-and P 0 -GGFβ3;Trp53
+/-mice (20 mice of each genotype, with each cohort containing an equal number of males and females) were then followed until death or one year of age. We found that P 0 -GGFβ3, Nf1
, and P 0 -GGFβ3; Nf1 +/-mice showed no reduction in survival over the first year of life (Fig. 11A) . The survival of the Trp53 +/-cohort was only slightly and non-significantly lowered due to the death of a single animal (average survival, 357 versus 365 days; Fig. 11B ). However, there was a significant decrease when comparing the Kaplan-Meier survival curves of P 0 -GGFβ3;Trp53 +/-mice (average survival, 226 days) to those of P 0 -GGFβ3 and Trp53 +/-mice ( Fig. 11B ; *, p<0.0001 based on a log-rank test); only one P 0 -GGFβ3;Trp53 +/-mouse survived to 1 year of age. There was no difference in the survival of male and female mice within the P 0 -GGFβ3;Trp53 +/-cohort. We then performed complete necropsies on each of the cohorts described above. There was no evidence of neurofibromas, MPNSTs or any other tumor type in any of the P 0 -GGFβ3, Nf1 +/-, or P 0 -GGFβ3;Nf1 +/-mice. Likewise, there was no evidence of neoplasia in any of the Trp53 +/-mice except for the single animal that died early; we found a large fibrosarcoma in that mouse. In contrast, 95% (18/19) of the mice in the P 0 -GGFβ3;Trp53 +/-cohort had peripheral nervous system neoplasms ( Table  4 ). The majority of these tumors were associated with trigeminal nerves (11/19; 58%) or dorsal spinal nerve roots (13/19; 68%) , with a smaller number of neoplasms identified in the sciatic nerve (2/19; 11%) . Within the P 0 -GGFβ3;Trp53 +/-cohort, many of the tumor bearing animals presented with a single tumor. However, 53% (10/19) of the mice had multiple tumors, with a maximum of 5 neoplasms observed in an individual animal.
To establish whether these lesions arising in arising in P 0 -GGFβ3;Trp53 +/-mice were peripheral nerve sheath tumors or some other tumor type, we performed an extensive characterization of their tumors. We found that the tumors arising in P 0 -GGFβ3;Trp53 +/-mice had a similar histologic appearance. These markedly hypercellular neoplasms lacked the mixture of multiple cell types characteristic of neurofibromas, instead being uniformly composed of closely packed, atypical spindled cells which contained enlarged elongated nuclei with coarse chromatin (Fig. 12A) . Brisk mitotic activity was evident in the tumors (Fig. 12A, arrows) and tumor necrosis was commonly seen (Fig. 12B,  asterisk) . These neoplasms were also highly aggressive, often invading adjacent bone (Fig. 12D) and soft tissues. The tumors found in P 0 -GGFβ3;Trp53 +/-mice were immunoreactive for S100β (Fig. 12D) , consistent with an origin from the Schwann cell lineage. As immunoreactivity for both S100β and nestin +/-and P 0 -GGFβ3;Nf1 +/-mice over the first year of life. No decrease in survival is seen for any of these cohorts. B: Kaplan-Meier curve indicating the survival rates of P 0 -GGFβ3, Trp53
+/-and P 0 -GGFβ3;Trp53 +/-mice over the first year of life. While the survival of P 0 -GGFβ3 and Trp53 +/-mice is unimpaired over this interval, the survival of P 0 -GGFβ3;Trp53 +/-mice is significantly shortened (average survival, 226 days). *, p-value<0.0001. distinguishes MPNSTs from other histologically similar sarcomas (28, 29) , we also examined nestin expression in P 0 -GGFβ3;Trp53 +/-tumors. We found that the mouse tumors (Fig. 12E) , like human MPNSTs (Fig. 12F) , were strongly nestin positive. Neurofibromas were extraordinarily rare in P 0 -GGFβ3;Trp53 +/-mice; we found only a single neurofibroma in one mouse within this cohort. This is quite different from outbred P 0 -GGFβ3 mice, which had multiple neurofibromas in almost all of the mice we examined (25) . This suggested that the MPNSTs arising in P 0 -GGFβ3;Trp53 +/-mice arose de novo rather than from pre-existing plexiform neurofibromas. As the trigeminal nerves and dorsal spinal nerve roots were the most common sites where we found MPNSTs in P 0 -GGFβ3;Trp53 +/-mice, we carefully examined these nerves and their associated ganglia to determine whether small nascent tumors were present within these structures. We found that 47% (9/19) P 0 -GGFβ3;Trp53 +/-mice had one or more microtumors in their trigeminal nerves or dorsal spinal nerve roots. Strikingly, these microtumors were uniformly located within the trigeminal or dorsal root ganglia (Fig. 13A) . The microtumors had a histologic appearance similar to that of the larger MPNSTs described above, being evident as moderately hypercellular proliferations of atypical spindled cells with enlarged hyperchromatic nuclei (Fig. 13B) . As in the larger MPNSTs, brisk mitotic activity (Fig. 13B, arrows) was readily identified in the microtumors. The identity of these lesions was confirmed by their immunoreactivity for S100β (Fig. 13C) and nestin (Fig 13D) . We conclude that MPNSTs in P 0 GGFβ3;Trp53 +/-mice, like those in cis-Nf1
;Trp53 +/-mice (26), arise de novo rather than from a neurofibroma precursor.
We noted that the cellularity and number of mitotic figures was lower in the microtumors than in the larger MPNSTs found in these animals. To determine whether the microtumors were lower grade MPNSTs and to clearly distinguish them from neurofibromas, we quantified expression of the Ki67 proliferation marker and performed TUNEL labeling in three major MPNSTs and three microtumors derived from P 0 -GGFβ3;Trp53 +/-mice, three neurofibromas identified in outbred P 0 -GGFβ3 mice, three hyperplastic trigeminal ganglia from 1 month old P 0 -GGFβ3 mice and three normal trigeminal ganglia from 1 month old C57BL/6J wild-type mice. We found extensive nuclear Ki67 immunoreactivity in the major MPNSTs (Fig. 14A) , with Ki67 labeling indices that averaged 46.4% (Fig. 14E) . Ki67 labeling was also readily detected in the microtumors (Fig. 14B) . However, Ki67 labeling in the microtumors (average labeling index, 12.3%) was significantly less than we observed in the major MPNSTs (Fig. 14E) . On the other hand, Ki67 labeling in the microtumors was significantly higher than that in neurofibromas, hyperplastic transgenic ganglia or wild-type ganglia; indeed, Ki67 labeling was difficult to detect in these three latter types of specimens. TUNEL labeling was also readily detected in the major MPNSTs (Fig. 14C) and microtumors (Fig. 14D) , demonstrating the occurrence of a baseline level of apoptosis. However, TUNEL labeling was not significantly increased in the major MPNSTs relative to the microtumors ( Fig. 14F; 8.2% versus 7%) .
If the microtumors are the progenitor lesions that develop into the major MPNSTs, we would anticipate that the microtumors would tend to be lower grade malignancies while the major MPNSTs would predominantly be higher grade lesions. To evaluate this possibility, we graded all of the microtumors and the major MPNSTs identified in our P 0 -GGFβ3;Trp53 +/-cohort using WHO criteria for +/-mice demonstrating the brisk mitotic activity (A, arrows) and tumor necrosis (B, asterisk) typically seen in these tumors. These tumors were highly aggressive, as demonstrated by their tendency to invade bone (C) and other adjacent structures. D: S100β immunoreactivity in an MPNST found in a P 0 -GGFβ3;Trp53 +/-mouse. E-F: Nestin immunoreactivity in a P 0 -GGFβ3;Trp53 +/-MPNST (E) compared to that seen in a human MPNST (F). Scale bars, 50µm. the grading of human MPNSTs (1). As shown in Table 5 , 59% (10/17) of the microtumors met diagnostic criteria for WHO grade II MPNSTs, while 41% (7/17) of the microtumors were classified as WHO grade III MPNSTs. None of the microtumors had the features of grade IV MPNSTs. In contrast, the majority of the major MPNSTs were high grade tumors, with 38% (8/21) of the major MPNSTs having the diagnostic features seen in human WHO grade IV MPNSTs, 52% (11/21) of these tumors being WHO grade III MPNSTs and only 10% (2/21) of the major MPNSTs (2/21) meeting WHO grade II diagnostic criteria. Considered collectively, the observations noted above suggest that MPNSTs initially develop de novo as low grade intraganglionic malignancies in P 0 -GGFβ3;Trp53 +/-mice. As these low grade MPNSTs expand, they presumably accumulate additional genomic abnormalities, resulting in their progression to become high grade (WHO grade III-IV) MPNSTs. Thus, P 0 -GGFβ3;Trp53 +/-mice represent a new model useful for studying the evolution of genomic changes in MPNSTs as they progress from low grade (WHO grade II) to high grade (WHO grade III-IV) tumors.
In addition to the work described above, we have made extensive progress in our genomic analyses of P 0 -GGFβ3 MPNSTs. This work, which is as yet unpublished (as it is still ongoing), addresses all of the tasks in Specific Aim 1:
Subtask 1: Isolate RNA and genomic DNA from cultures suitable for analysis (months 1-12). We have isolated high quality total cellular RNA (which is to be used for RNA-Seq) and genomic DNA (which is to be used for exome sequencing and array CGH) from P 0 -GGFβ3 40 MPNSTs. We have also isolated high quality genomic DNA and total cellular RNA from a panel of 19 human MPNST cell lines and a series of surgically resected human MPNSTs. These human specimens will form the validation set that will be used to establish that abnormalities identified in P 0 -GGFβ3 MPNSTs are relevant to the pathogenesis of their human counterparts and thus are useful therapeutic targets.
Subtask 2: Perform aCGH experiments with genomic DNA isolated from the cultures (months . In addition to the array CGH experiments that we have already published in our first manuscript, we have completed the aCGH experiments on the remainder of our 40 MPNSTs (i.e., an additional 29 tumors). In addition, one of the reviewers for our second manuscript requested that we perform array CGH on some of the MPNSTs from our P 0 -GGFβ3;Trp53
+/-mouse model so that we can demonstrate that the changes occurring in these tumors are equivalent to those seen in P 0 -GGFβ3 MPNSTs. We thought that this was a splendid idea as it will further validate the utility of this model for studying the genomic abnormalities involved in MPNST progression. Identifying these changes is critically important as it has important implications for the treatment of these tumors. Speaking as a pathologist who deals clinically with the difficult issue of grading MPNSTs and distinguishing low grade MPNSTs from atypical neurofibromas (a very common problem; in fact, I have such a case sitting on my desk right now), identifying genomic abnormalities associated with different stages in the evolution of this tumor series would also greatly improve our diagnostic accuracy.
Subtask 3: Perform RNA-Seq experiments with RNA isolated from the cultures (months . We have completed RNA-Seq on our first two tumors and have completed our initial analysis of these results. We have also isolated the total cellular RNA from all 40 P 0 -GGFβ3 MPNSTs for performing RNA-Seq. To ensure technical consistency, these specimens will all be transported to MUSC and sequenced using the Illumina HiSeq 2500 instrument housed in the Center for Genomic Medicine at MUSC. Subtask 4: Perform exome sequencing experiments with genomic DNA isolated from the cultures (months . We have finished sequencing the whole exomes of all of our planned 40 tumors. This data is very high quality (typically representing 60-fold or greater coverage of the entire exome), with greater than 99% of the reads mapping to the reference mouse genome. To identify any single nucleotide polymorphisms (SNPs) that might not be represented in the dbSNP database, we also assembled a pool of genomic DNA isolated from 12 C57BL/6J mice and a second pool derived from 12 SJL/J mice; these correspond to the genetic background of our A colony mice (C57BL/6J x SJL/J) and our B colony mice (C57BL/6J). We have finished whole exome sequencing on these specimens as well. SNPs identified in these pools that are not present in the dbSNP database are being used as a second filter for distinguishing germline and somatic mutations in our P 0 -GGFβ3 MPNSTs.
Subtask 5: Perform bioinformatic analyses of results from experiments described in a-d (months 3-36). As noted above, we have completed our initial analyses of the two RNA-Seq datasets. We have also completed our initial analyses of 12 of the exome sequences. During the course of these analyses, we made a key observation regarding the accuracy of identifying novel nonsynonymous SNPs. We identified many such SNPs in both the transcriptome and exomes of these tumors. However, identifying these changes as genuine mutations rather than sequencing errors was frequently more difficult in the transcriptome than in the exome. This is because transcripts that are lower abundance will, by definition, have a lower-fold coverage in the RNA-Seq dataset. Consequently, we would encounter situations where (even in the high quality datasets we have generated) there might be only 2-3 reads across a region and one of those reads had a SNP. In this circumstance, it could not be clearly determined whether these changes represented a true mutation. In contrast, in our exome datasets the variability in depth of coverage was much lower and it was much more obvious when a SNP represented a true mutation rather than a sequencing error (i.e., the same change was present in multiple reads, which is highly unlikely for a sequencing error). Given this, we prioritized the sequencing of our tumor exomes for the purpose of identifying point mutations, frameshift mutations and small indels.
KEY RESEARCH ACCOMPLISHMENTS
• We have identified a number of candidate mutations potentially promoting MPNST pathogenesis that can now be evaluated as therapeutic targets in these tumors. Quantification of Ki67 labeling in major MPNSTs, micro-MPNSTs (microtumors), neurofibromas, neoplastic ganglia, and non-neoplastic ganglia demonstrates a significant difference between major MPNSTs and micro-MPNSTs (p<0.0001; n=3 animals per specimen type). F: Quantification of TUNEL labeling in major MPNSTs and microMPNSTs shows no significant difference in labeling indices. Scale bars in A-D, 50µm. 
REPORTABLE OUTCOMES MANUSCRIPTS, ABSTRACTS and PRESENTATIONS
CONCLUSIONS
We have shown that the vast majority of transgenic mice overexpressing the NRG1 isoform GGFβ3 in Schwann cells develop numerous neurofibromas and smaller numbers of MPNSTs which potentially arise from pre-existing neurofibromas. These observations, considered together with our finding that the same molecular abnormalities occurring in human neurofibromas and MPNSTs are present in P 0 -GGFβ3 MPNSTs, argue that P 0 -GGFβ3 mice appropriately model the process of neurofibroma-MPNST progression seen in human NF1 patients. A number of previous studies have commented on the fact that chromosomal gains and losses are highly variable in human MPNSTs and that tumor suppressors such as p53 are not uniformly mutated in these neoplasms. These observations suggest that there may be more than one pathway leading to MPNST pathogenesis. As neurofibroma and MPNST formation in P 0 -GGFβ3 mice results from growth factor overexpression rather than from ablation of specific tumor suppressor genes, tumorigenesis in these animals, unlike in previous knockout models, is not necessarily dependent upon the mutation of a restricted collection of tumor suppressors; this suggestion is consistent with our observation that key tumor suppressor mutations (e.g., p53) and focal CNVs were variably present in P 0 -GGFβ3 MPNSTs. Consequently, P 0 -GGFβ3 mice represent a novel model system that can be used to identify alternative pathways mediating neurofibroma-MPNST progression.
We have also found that tumorigenesis is suppressed in transgenic mice overexpressing NRG1 in Schwann cells, which suggests that a modifier gene or genes capable of suppressing neurofibroma pathogenesis is present in the C57BL/6J genetic background. Genetic complementation experiments in which inbred P 0 -GGFβ3 mice were crossed to Nf1 +/-or Trp53 +/-mice showed that, while tumorigenesis was absent in the P 0 -GGFβ3;Nf1 +/-animals, P 0 -GGFβ3;Trp53 +/-mice developed MPNSTs. Further, the MPNSTs seen in P 0 -GGFβ3;Trp53 +/-mice developed de novo rather than from neurofibromas as in seen in the parent P 0 -GGFβ3 line. These observations clarify the role that NRG1 plays in PNS neoplasia as they indicate that NRG1 promotes tumorigenesis primarily via its effects on the signaling cascades that are affected by neurofibromin loss. In keeping with our earlier suggestion that neurofibromas and MPNSTs originate intraganglionically, we have also now shown that the MPNSTs in P 0 -GGFβ3;Trp53 +/-mice originate from microtumors that develop within PNS ganglia. Unexpectedly, P 0 -GGFβ3;Trp53 +/-mice have proven to be a new model of PNS neoplasia that is potentially useful for identifying key mutations mediating the progression of low grade MPNSTs to higher grade tumors. Consequently, partnering genomic analyses of the various MPNST grades occurring in P 0 -GGFβ3;Trp53 +/-mice with similar analyses of the neurofibromas and MPNSTs that develop in P 0 -GGFβ3 mice will give us a global understanding of the evolution of neurofibromas and MPNSTs and will identify important new therapeutic targets in these tumors.
Our current ongoing studies are directed towards expanding our array CGH experiments to include a larger cohort of P 0 -GGFβ3 neurofibromas and MPNSTs and examining these neoplasms with RNASeq and exome sequencing so that more subtle mutations promoting peripheral nervous system tumorigenesis can be identified and considered as potential therapeutic targets. (12, 738, 076, 290) A18 Loss (8, 760, 076, 290) A202 Gain (8, 794, 076, 290 
